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(54) Polymerized hydrogel adhesives comprising low amounts of residual monomers 



(57) The present invention relates to polymerized 
hydrogel adhesives, in particular those wherein the hy- 
drogel is formed from monomers which include acryla- 
mido-2-methane propanesulfonic acid or salts thereof 
(AMPS monomers) and those which contain glycerol as 
a humectant. In such adhesives, the levels of unpolym- 
erized residual monomers, such as unpolymerized 
AMPS, acrylonitrile, acrylamide and t-butyl acrytamide; 
and the levels of other impurities such as acrolein, are 



kept very low. 

The present invention also relates to a process for 
making hydogel adhesives with very low levels of such 
unwanted materials. Such a process involves prepara- 
tion of reaction mixtures under selected pH and/or tem- 
perature conditions and polymerization of AMPS mon- 
omers using selected conditions of pH and UV curing. 
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Description 



Field of the Invention 

residual monomer. 
10 Background of the Invention 
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ment articles have previously beer, ^V^J^^ZmS' medical applications, such as skin electrodes. 

production of consumer products, that the h ^^^^"^ Its ^ acid and salts referred to herein as acr- 
[0 004] Use of acrytamido-Z^ethane p^ ^ „ e pdtgmMl to form the 

ytamido-2-methane propanesulfomc acid or AMPS] > « ; oneof the mo compositions con- 

hydrogel is well known and are disclosed ,n ^eumanta but atso me level of impurities 

taining polymerized AMPS, it has ^^^^J^tl^^s in the AMPS starting material, must be 

the finished composition, and be kept under well defined tergrttevets. (hQ h „ , ^po- 
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hydrogel adhesive. 
Summary of the Invention 



monomers which comprise acrylamido-2-methane propanesuuui. acrvlamide preferably less than 50 

contains *» th» 100 pp.. .c^nit* anj S'^^ . l^^STI Tl» «P 

ppo. m. pretotpbly ta» «n »_ PI* »«» ■^Sl7„K l ,3*l AMPS in potytnetipeo B. 
ho** «lso oonute « 1K. »y <* TLtap JonWn loi than 200 n,io,og™.ns<g..n. <PPnt>. 

AdOdillonally, it » paofefO •»» »« P°V"»n»1 2t22Jlt^«2?» resWual AMPS monomare. AddP 
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curing at selected UV irradiation conditions, and with a selected photoinitiator. 
Detailed Description 

* kwh^oi a Hh*«5hfes which are capable of attaching to mammalian skin and 
but are of a physical nature such that for e^teB. " " hy^phobic interactions. Chemical cross Unking 

tonically crosslinked. o.mBthutorooanesulfonic acid and its salts is particularly preferred 

[0011] The strong-acid monomer Z-^am^^^P™^"^'*""^ ooivmerized adhesive hydrogel. This 
U a monomer or co-monomer for use in forming ^^^J^^^i) as the sodium salt in 

monomer is available e.g.. from Lubrizol Im the a«d ^^J^^^Z co-monomers can be acidic, 
concentrated aqueous solution (e.g.. 50 wt% and 58 wt%). Ottie ^Z^S^ bum the the group of oleflnically 
neutrai. basic, or zwitterionic. v , 
unsaturated aliphatic or aromatic sulfonic acids sucn as ^ SU,, °J""^ ^ methacrylic sulfonic acid and the 

oytsulfonic acid, styrene sulfonic add 3-su.fopropyl (meth) 

like. Particularly preferred strong-acid monomers are 2-acrvtam.ao-^-mewy P H<» olefinically 
acrylate. 2-su.foethy. (meth)acrylate. Suitable ^ak-acj ^^^^.SSjESd. rnaleic acid. Laconic 

unsaturated carboxylic acids and "-^"^"^^^.JSES^i, and the like. Particularty preferred 
acid crotonic acid, ethacrylic acid, citroconic acid, fumanc acid, p-sterylacrytic aoo ana 

weak-acid monomers are acrylic acid and Dolye thyleneoxide d,(meth)acrytates with varying PEG 

[0012] Suitable polyfunction^ monomer ^'"^^^^J^ ethyoxylate tri(meth) 

and polyquatemary ammonium compounds known to the art acrylamido-2-methane pro- 

[0015] In a first embodiment of the Invention .the adhesive "^^^JJ^^^p^ a monovalent 
panesulfonic acid or its salts (AMPS) as one of the ^^J^^ n ^^^ t commercial acid AMPS 
couterion. with the Na* counterton being particulariy preferred " ^SSSJSSSSS «StoSTS»ni concentration, 
and NaAMPS (typically provided as ^"^^l^^^^ of these impurities need 

of acrylamide. acrytonitrile. and t-butyl acrylamide. Upon P**™^^ acrylamide. and 

. to be reduced as much as possible for "se nproducte « •^'J^^^^^^^^?^ 50 ppb. 
t-buty. acrylamide in ^"«"""-^ composition containing at least 

more preferably below 25 ppb. most P™^"^ 1 ™ ™ suitable for measuring the residual levels of AMPS 

1 % polymerized AMPS, preferably r at leastlO ,«% JJJ^JSUES^TS. test methods. Section. A.so in- 
, SSTE TZS^^SSl Jresldua, M of the monomer impurities, 
acrylamide. acrylonitrile. and t-butyl acrylamide. . . K, aAMPS feedstocks the concentrations of 

[0016] It has ^J£SS»* -mains too high, 

one or more of residual acrylamide. acryiommie. ana j uuiyi y . discovered that another 

(CTJ ro™duc.h.c»,c«»«onc. ™^^"?^ n t^S^ M re £u«on „«. V, »„p... 
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tlme periods during and/or after me neutra.iza.ion process ,o a pH that <s above 10. often we., above 10 as a resu.t of 

the presence of unreacted base^ m»amps feedstock is made by the improved process in which the base 

(0018] , It has n^^n^ndthatw^enme ^ pH being consistent* kept be.ow 9. 

S b b^i 5S Sow 7JZ ano after the neutron, the .eve. of acrytonitri.e and acry.am.de 
residua, monomers in the polymerized hydrogel adhesive is ~" S ^'V ^ s d feeostock prep ared by the conven- 
t 0019J Without being bound by theory, it is betevedth* ' ~^^^ s ^^S e .contaL conjugate 
lional process described above, wherein the acid AMPS ,s added to a L such as the hydrates shown here- 

addition products of NaAMPS, acryJonitrite, acrylam.de. and t-butyl acrylam.de (e.g.. sucn as me y 

.natter). 



Hydrate of NaAMPS, acrylamide & acrvlonitrUe. 
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H' SC^Na 

Hydration product of 



NaAMPS 



HO 




Hydration product 
of acrylonitrile 



HO 




Hydration product 
of acrylamide 



„ «s er^are add-on reeobon « .retired » be t— «- •' '^T^^ZS^, IXZZSZ^ 

N* «nen «re - «- t^^VZS^SZt noti^Srteaa, —» — 

procedure »drere tne atW ts edded lo Iter base). S ^"°T ' „, forai oolyieet from «e AMPS eioeoreet. 
monomer and ie not polymerized under the potymenzaeon eo^*onsi 3^^,^, „„„„ degree, attar 
„ « oette^d that .. o, rttese •^^Z^^^S^^ monomer* tale potym- 

r^enST. JSS, be earned oo?t„ a oon,re«d manner swot*, a preetse predetermtned 
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^r^s^s^^^- — « 2959 - 

Specialty Chemicals). Daracure 1173, Irgacure zyoy ana Jl ^ ^ used , n addition, polymerization 
184 are p-ooulaey P«*«ieo. Con*""""™ «<P "J ^T^S »I or one onoore ol loose 
o?„ be o«noo oo. b, « 8-no- S^^i^S"^"™ oeisoKale 

^^00^^,0=^00^ ii — ee » aboo. ,0 . 0, - 
especia..y important * ^ a -'e "^j^-^JS^ shouId ^ carefu.iy controHed during 
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50 SET' Without beinq bound by theory, it is believed that a second mechanism for the photodecompositton of AMPS 

rZCb^Zo'-o, by using a pholoinlliator that has a tflplot slate .no™, ™re 
„ ^.r«So.^h?SSlo» l^noe 2959 and W» 184 bava b~n loom, » bo e-.aoU.ny M. - 
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reducing the amount of acry.am.de generated. while s«l. being effective a, producing a polymerized hydroge. adhesive 
with low levels of residual monomers. Irgacure 285g is particularly preferred. 

Test Methods 

1. pH of Monomer Solutions 

l0 0 36 , The P H of a monomer solution can "-"^^^^T^ Z£££ZZX££ 
lonlabph/ion level 2P meter can be used equipped with a SenTix 41 electrode \ avauaoie 

nische Werkstaetten) 

2. Residual NaAMPS in Polymerized Hydrogels 

. « ahh ml of 0 9% w/v saline solution to 0.500 g of hydrogel and put the mixture in a 

well known to the art and reported as micrograms analyte per gram of hydroge. (ppm). 
3. Residual N.N-Dimethylacrylamide in Polymerized Hydrogels 

[0039] Sample Preparation: Add 50 ml of 0.9% w/v saline solution to 0.500 g of hydroge. >"-«^^^ 
Ssu lung mixture is placed in a thermostatic bath for a minimum t^JSSSFS 
is separated from the gel by filtration through filter paper 2££I^J2w5 the resu.ting 

Sorcr^^ — — - — - 

ditions: 
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Initial Temp 


80°C 


Initial time 


2min 


Rate 1 | 


20°C/min 


Final temp 1 


150°C 


Final time 1 


2min 


Rate 2 


30°C 


Final temp 2 


230° C 


Final temp 2 


I 10min 


Injection mode 


| sptitless 


Injection temp 


\ 250°C 


FID Detection temp 


] 280°C 


Carrier gas 


j He 


Column head-pressure 


j 75kPa 



[0041] The .eve. of ana.yte is quantified using standard procedures we., known to the art and reported as micrograms 
analyte per gram of hydroge! (ppm). 

4. Residual Acrylonitrile and Acrolein in Polymerized Hydrogels 

[0042] Sample Preparation: Add 50 ml of 0.9% w/v saline solution to 0.500 g of hydrogel in a capped glass container. 
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The resulting mixture is piaced in a thermostatic bath for a minimum of 12 hours at ap^xlmately 40JC. The ..quid is 
SS?4m the get a"nd collected. The ^eadspace jj ^^^,2^5^^^-^ 
100431 A nalysis: Follow procedure ouUined in U.S. EPA method 8240. The level o a"^"* h .. . A 

procSureliluiown to the art and reported as nanograms analyte per gram of hydroge. (ppb). 5. Res.dua. Aery 

analyte per gram of hydrogel (ppb). 

6. Residual Acrylic Acid in Polymerized Hydrogels 

10047] Sample Preparation: Add 50 ml of 0.9% w/v saline solution to 0.500 g of hydrogel in a ^9^^ 
7 Residual tert-Butyl Acrylamide in Polymerized Hydrogel 

ditions: 
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Initial Temp 


80° C 


Initial time 


2min 


Rate 1 


20°C/min 


Final temp 1 


150°C 


Final time 1 


2min 


Rate 2 


30° C 


Final temp 2 


230°C 


Final temp 2 


| 10min 


Injection mode 


j sptitless 


Injection temp 


j 250° C 


NPD Detection temp 


| 280°C 


Carrier gas 


I He 


Column head-pressure 


| 75kPa 



[0051] The level of analyte is quantified using standard procedures well known to the art and reported as nanograms 
analyte per gram of hydrogel (ppb). 

EXAMPLES 

Example 1: Preparation of 50 wt% aqueous so lution of Na AMPS 

100521 Aooroximately 14 parts of acid AMPS (2-acry1amido-2-methyl-1-propanesulphonic acid; recrystallized one 
S HL ISSt ■ addSd to a solution containing approximately 0.02 parts MEHQ inhibitor (4-methoxyphenol, 
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approximately 50 ^J^^™ * *^° tion J ^ NaOH is complete another aliquot of approximately 14 parts 

3£ES^£S ^anTof NaOK This yields'an approximately 50 wr% aqueous NaAMPS solution. 
Example 2: Preparation of 58 wt% agueo "* solution ofNaAMPS: 

in the reaction mixture before adding dropwise another approximately 6 parts ofthe 50 wU Son 
^HHiii^n of <M wl% NaOH is completed another aliquot of approximately 17 parts Acid AMPS is dissoiveo in me re«»o « 

SSSSlSSSJi SSS PH of the mixture is adjusted to approximately P H=5 with dropwise add,tK>n 
quantity of NaOH. This yields an approximately 58 wt% aqueous NaAMPS solution. 

Example 3: Preparation of Polymerized Adhes ive Hydrogel 

[00541 A 50 wt% aqueous solution of NaAMPS is prepared by addition of NaOH to acid AMPS ItaJ^ one 

^Z^SS^^^^VS^M, 0.048 parts of the photoinitiator Daracur 1173 (Aldrich) and I approx- 
i^teTy^ 11 parti ! of c^s-linker IRR 210 (a po.yoxyemy.ene uiacrylate cross-linker from UCB). The resultant mixture 

K^'SSrSSKSS at a basis wei 9 h, of approximately 1.0 "~^g£~^ 

z!? ^ rtV/on ^.h^trate The solution is polymerized via UV irradiation cunng with an 1ST 200 ozone-tree 

SamoTs^ with a frequency cut-off of app,oximate.y 320 nM (UV Filter 

acrolein (see Table). 

Example 4: Preparation of Polymerized A dhesive Hydrogel 

100561 To a solution of approximately 22.4 parts of the approximately 58 wt% NaAMPS solution of Example 2 and 
aimiimS^v « 2 p^rts ^distilled water, approximately 19.2 parts of acrylic acid is added. To this so.ut.on approx,- 
mTty H pirJ of 5^ NaOH (A.drich) is added dropwise with constant stirring, whiie maintaining the temperature 
^Tis^raTproximately 25»C with an ice bath. The NaOH that is added is sufficient to convert approx.mately 30 
m<S M TSSUSi to sodium acry.ate. Approximate* 38.9 parts of glycerol (Agar) is added and the resulting 
mivture is stirred for 15 mm. The solution is covered to shield it from light. IM ,w#i * 

JSST To on; aSuot of this so.ution (4-1). approximate* 0.13 parts of the polyfunction* cross-linker .RR210 and 
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SI^«23SSJlO^I 0.30 parts of .rgacure 2959 is added to approximate* 100 parts of the monomer 

SSon and dispersed and/or dissolved with ^^^J^^SjTo kilograms per square meter onto 
(0058, The monomer ^spread a. ^^^^^^^ JLS^I^^ 

ing monomers (see Table) 

Example 5: Preparation of Polymeriz ed Adhesive Hydrogel 

,006., To a ***°n ol ap^xi™^, 22.4 pa-K of «. app^lo-MJ, 58 wt% "f^f^^t^ 

O MrLso Da^acu 1173 is added to approximately 100 parts of the monomer solution and d.spersed and/or dtssolved 
wiSS f^Xmally 15 mini. The monomer solution is spread a, a basis weigh, of approx.mately 1.0 

^rrrnom^^ 

^ Li^n^MD 1 tiwer meteV(Eta Plus Electronic) and the output intensity of the lamp is adjusted so mat the 
■^^H^^^^T^XZ^o^^ 900 milliwatt/cm* (measured without the UV Alter). Nine con- 
secSe oTsses of^s^mpte underneath tne .amp is used to polymerize the monomer solution and convert It into a 

tS Z, ievels of residua. NaAMPS, acryNc acid, acry.oni.rile. acrytamide. and acrolein, (see 

Table) 

Example 6: Preparation of Polymerized Adhesive Hydrogel 

rniMtti A 58 wt% aoueous solution was prepared according to Example 2. but using non-recrystallized acid AMPS 
Eh) IdaSS final P H to 4.0 The non-recrystallized acid AMPS has levels of acrylam.de. acrytonrtnte. 
^u^t^mo^ppZL^y 400 ppm. 50 ppm. and 500 ppm. respectively. Approximately 4aiprttfta 
%2££t, SonTnd approximately 15.7 parts of N.N-dimethylacrylamide (NN-DMA; Aldnch) are combined with stir- 

ItTothisso^ 

10 minxes and Svered to shteld it from light. Prior to polymerization, approximately 0.11 parts of Daracur 1173 and 
iSSSSrOM parts of IRR-210 are added to approximately 100 parts of the monomer so.ut.on and d,spersed 

loC ^IT^STuZ TZeTZ ZT:Z* of approximate* 1.0 Kilograms per square meter onto 
SSze^re.eTse ^T^r « des^ib^d in Example 4. The monomer solution is polymerized via UV irradiation cunng 
asTes^ a Schott335 nm high-pass UV filter is used and the incident peak UV power 

on fhe Sample fe approximately 1800 milliwatt/cm^ (measured without the UV filter). Twelve consecutive passes of the 

unTm^mTe .amp is used to polymerize the monomer solution and oonv^t It into a f 
with low levels of residual NaAMPS. N.N-dimethylacrylamide. acrylon.tr.le. acrylam.de. and acrole.n (see Table) 

Example 7: Preparation of Polymerized Adh esive Hydrogel 

[00651 A 50 wt% aqueous solution of NaAMPS is prepared by addition of NaOH to acid AMPS (unrecrystallized; 
£dnch) using ^procedure analogous to that described in Example 1.. To approximately 68.4 parts of th.s so.ut.on 
atprox mateTy 31^6 parts of glySro. is added and the resulting mixture is stirred ^™t^VaVSn% ToToo 
of this solution is adjusted with NaOH to pH=5.25 (7-1). A second aliquot .s adjusted w.th NaOH to pH-7 (7-2). To 100 
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parts of each solution is added approximately 0.04 parts of the photoinKiator 011 
^L<* «f rross-linker IRR 210 The resultant mixture is dispersed and/or dissolved with stirnng. 

w^^lSKSSL* 1800 -iwaWcm* (m = aS ur« wit.™. «» OV »»,). T»««. 

,£ym^^ 

of monomer impurities (see Table) 




Hydrogel 
Example # 



NaAMPS * 
(ppm) 



Acrylic Acid * 
(ppm) 



NN-DMA* 
(ppm) 




Acrylamide * 
(ppb) 



Acrylonitrile* 
(ppb) 



Acrolein* 
(ppb) 



30 



value is reported as being less than the detection limit. 



Claims 



1 A hydrogel adhesive comprising 10-90 wt% water and 10-60 wt% of oross-..nked hydr 0 ^^"™*« f ™Z 
»s * monomers comprising acrylamido-2-methanepropanesulfonic acid and salts thereof, characterized in that said 

aTesTco^raUeasTl wt% polymerized acry.amido-2-methanepropanesulfonic acid or saits thereof, and 
further contains less than 100 ppb acrylonitrile. and less than 100 ppb acrylam.de. 

2 A hydrogel adhesive according to Claim 1 comprising less than 50 ppb. preferably less than 25 ppb. and _ more 
40 2 - ; r eS?y less than 10 ppb acrylonitrile. and also comprises less than 50 ppb. preferably less than 25 ppb. and 

more preferably less than 10 ppb acrylamide. 

3. A hydrogel adhesive according to Claims 1 or Claim 2 which comprises at least 10 wt% of polymerized acrylamido- 
2-methanepropanesulfonic acid or salt thereof. 

4. A hydrogel adhesive according to any of Claims 1 to 3 which contains less than 200 ppm. prefect*** £an 100 
ppm. more preferably less than 50 ppm of residual acrylamido-2-methanepropanesulfon.c acd or salt monomer 
and less than 100 ppb of t-butyl acrylamide. 

so 5 A co-polymerized hydrogel adhesive according to any of Claims 1 to 4 which comprises acrylamido-2-methane- 
' propanesulfonic acid or salt therof co-polymerized with one or more additional co-monomers said ' ^P 0 *™*™* 
hydrogel adhesive containing less than 400 ppm. preferably less than 200 ppm. more preferably less than 100 
ppm. and even more preferably less than 50 ppm of residual monomers. 

55 6 . A co-polymerized hydrogel adhesive according to Claim 5 wherein said additional co-monomer is acrylic acid or 
salt thereof. 
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7. A hydroge. adhesive according to any of Cairns 1-6 wherein the polymerization of monomers and/or co-monomers 
is carried out at least partly by UV photoiniMation. 

8 A hydroge. adhesive according to Claim 7 which comprises 5-80 wt% of glycerol as a humectant. and a photoin- 
itiator. wherein said hydrogel adhesive contains less than 300 ppb of acrolein. 

9 A hvdrogel adhesive accoroing to Claim 8 which comprises 10-60 wt% gtycerol, preferably 30-80 wt% glycerol 
an7wh?reinTeTevS of acrolefn is below 200 ppb. preferably below 100 ppb. even more preferably below 40 ppb. 

10 A hvdrooel adhesive comprising 10-85 wt% water. 10-60 wt% of crosslinked hydrophilic polymer, and 5-80 wt% 
i S3 wfere r«Shydropni.ic polymer has been formed by polymerization carried out at least partly by UV 
iS£E£^ hydSge, adhesL'containing less than 300 ppb acrolein and less than 400 ppm of res.dua. 



monomers. 



1 1 A hvdrooel adhesive according to Claim 10 comprising 10-80 wt%. preferably 30-80 wt%. of glycerol and c°nta,n.ng 
' TessSCpb Probably Ls than 100 ppb. most preferably less than 40 ppb acrolein and less than 200 ppm. 
preferably less than 100 ppm, most preferably less than 50 ppm of residual monomers. 

12. A process for making a hydrogel adhesive comprising the steps of: 

nrovidino a first aaueous solution of acrylamido-2-methaneproponesulfonic acid ; 
I providing a sSond aqueous solution of base, the quantity of said base being chosen to neutralize said firs. 

- SranX^us reaction mixture by mixing said first aqueous solution and said second aqueous^ solution 
rillbeina carried out by adding said second aqueous solution to first second aqueous solut.on. the 
X»^2^^J!1» being kept below 9 during the making of said aqueous reaction mixture; 

and 

polymerizing said aqueous reaction mixture. 

13. A process according to Claim 12 wherein the P H of the aqueous reaction mixture is kept below 7. 

14. A process according to Claim 12 or Claim 13 wherein the temperature of said aqueous reaction mixture is kept 
below 40 °C, and preferably below 25 °C. 

15 A process according to any of Claims 12 to 14 wherein the polymerization of said aqueous reaction mixture is 
conducted at a pH 3.5 to 7. preferably 4 to 6.5, more preferably 4.5-6. 

16 A orocess according to any of Claims 12 - 15 wherein the polymerization is conducted by UV curing, and the 
fntSS UvTntensity at wavelengths less than 280 nm. preferably less than 300 nm. more preferaWy .ess than 
JjTI plferab.y less than 335 nm is less than 10%. preferably less than 7%. even more preferably less 
man 4%. ™st preferably less than 1% of the total integrated UV intensity with wavelengths less than 400 nm. 

1 7. A process according to Claim 1 6 which utilizes a photoinitiator selected from Danacur 11 73. Irgacure 2959. Irgacure 
500, and Irgacure 184 to initiate polymerization. 

18. A process according to the Claim 17 wherein the photoinitiator is Irgacure 2959. 
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